Summary. In one of the largest outbreaks of waterborne giardiasis reported from Europe, more than 3000 persons were exposed to contaminated water and over 1400 cases of giardiasis were diagnosed by microscopy. The outbreak resulted from an overflow of sewage water into the drinking water system of a Swedish ski resort. The period of contamination was about 1 week. Sweden is a non-endemic area for Giardia lamblia infection and, for most individuals affected, this was their first contact with the parasite. Few other enteropathogens were isolated from the patients involved. Therefore, an immune response to Giardia was unlikely to be biased by other concomitant infections.
Introduction
Giardia lamblia is one of the most common intestinal pathogenic parasites. It is endemic in many countries, particularly in the Third World, where 30-50% of children may harbour the parasite continuously or intermittently, with or without diarrhoea. ', Several outbreaks spread by water as well as person to person have been described. 3-8 Giardiasis is diagnosed primarily by repeated microscopy of faeces and, occasionally, of duodenal aspirate.'-' ' Since G. lamblia is usually a non-invasive parasite and resides within the gut lumen or attaches to the duodenal mucosa,' a strong immune response may not be expected. Nevertheless, circulating and local antibodies are produced. ' Both enzyme-linked immunosorbent assay (ELISA) and indirect immunofluorescence have been used for the diagnosis of g i a r d i a s i~'~~'~ and are frequently employed in epidemiological studies, and where clinical giardiasis is suspected. "- I9 Giardiasis is not endemic in Sweden and only a few citizens acquire indigenous infections.209 21 At the ski Received 6 June 1991; accepted 9 July 1991. resort of Salen, a waterborne outbreak of giardiasis occurred over Christmas 1986, when about 3000 persons were exposed to contaminated water following a sewage overflow into the drinking water system; 1400 cases of giardiasis were diagnosed by microscopy (De Jong et al., personal communication). To investigate the systemic antibody response to G. lamblia in a Swedish population exposed during a short and welldefined period to Giardia as a single pathogen, sera were collected during the weeks following infection. The sera were analysed for IgG and IgA antibodies to in-vitro cultured G. larnblia trophozoites by indirect immunofluorescence and the results were compared to those of the established microscopic diagnostic technique. The presence of specific anti-Giardia antibodies was also analysed in two control groups of healthy persons.
Materials and methods

Sera
Persons exposed to Giardia. Following the outbreak of giardiasis in Salen, blood samples were obtained 
Statistical analysis
regress ion an a1 y s i s .
Data were analysed by the x2 test and simple
Results
The age distribution of the population exposed to Giardia was 2-77 years. The fema1e:male ratio was 170 : 182. The female : male ratio of the healthy individuals collected at Malmo General Hospital was 193 : 35 and the age range 18-64 years (table I).
Controls
To establish the seroreactivity in a Swedish control population, 428 serum samples from healthy individuals were analysed by IFL; 42 (10%) of samples contained IgG or IgA antibodies, or both, with 
Giardia-exposed persons
Amongst the 352 investigated persons who had been exposed to contaminated water at Salen, 144 (41%) were found to have Giardia antibodies at a titre 2 10. The anti-Giardia antibody response estimated by IFL was generally at a low titre. Only 13% of sera from individuals in whose faeces G. ZambZia could be demonstrated by microscopy and no sera from G. lamblia-negative persons, had a titre > 40. Giardia-positive patients. Specific IgG was detected in 87 (60%) of 145 of the patients whose faeces were shown to contain Giardia. The titres varied from 10 to 320 (table 111) . Specific IgA antibodies were demonstrated in 40 (28%) patients. Of these patients, 29 were also IgG-positive, but in 11 patients, only IgA antibodies were detected. Thus, 98 (68%) of 145 Giardia-infected patients had IgG or IgA antibodies, or both.
Giardia-negative patients. Of 207 individuals whose faeces was not found by microscopy to contain Giardia, 42 (20%) had anti-Giardia IgG antibodies (table 111) . Specific IgA antibodies were detected in 8 (4%) patients of whom four were also IgG-positive. Thus, in 46 (22%) patients, specific antibodies of IgG or IgA class, or both, were found. In three seropositive patients the stool examination was performed during or after treatment with nitroimidazoles.
Seroconversion observed in persons exposed to Giardia .
Two serum samples were obtained from 51 individuals whose faeces were Giardia-positive, and 40 who were Giardia-negative. Seroconversion measured by the IgG antibody response was observed in 9 (18%) of 51 and 3 (8%) of 40 patients, respectively.
Kinetics of the spec& Giardia IgG antibody response. Most of the sera were obtained within 1 month after infection and nearly 50% within 3 weeks after infection. Therefore, the serological results might have been affected by the time that elapsed between infection and blood sampling. In 102 sera collected from Giardia-positive patients less than 3 weeks after infection, only 49% were IgG positive, but 66% of 97 sera collected more than 3 weeks after infection had an IgG antibody response. The sensitivity had increased significantly (x2 = 5.84; p < 0.02).
Correlation between diarrhoea and antibody response. Occurrence or absence of diarrhoea was reported in 229 persons. Of 184 patients who had diarrhoea, specific Giardia IgG antibodies were detected in serum collected from 81 (44%). Of 45 non-diarrhoeic individuals, 12 (27%) were IgG positive (x2 = 4.52; p < 0.02).
Specific Giardia IgA antibodies were found in 30 (1 6%) patients presenting with diarrhoea, compared to 8 (18%) patients without diarrhoea (n.s; table IV).
Distribution of Giardia seropositivity with age
In healthy individuals, the percentage of specific IgG or IgA responses was twice as high in the agegroup 20-39 years than in other age groups. In Giardiaexposed persons, this pattern was not seen. High titres ( 2 80) were observed only in Giardia-positive patients (table V) .
Stat istical analysis
Patients found to be Giardia-positive by microscopic examination of the faeces had Giardia antibodies significantly more frequently than patients in whose faeces Giardia could not be detected (x2 = 75.72; p < 0.001). The same finding was obtained when the two antibody classes were evaluated separately (IgG, There was no statistical correlation between the findings of IgG and IgA antibodies (table VI) .
Comparison of the antibody response between Giardia-negative patients and healthy individuals revealed a statistically significant higher number of seropositives among the patients (x2 = 18.00; p < 0-OOl), suggesting that some of the patients reported as Giardia-negative were infected with the parasite. x2 = 57.91 ; p < 0.001 ; IgA, x2 = 40.73, p < 0.001). Specificity of the IFL calculated on Giurdiu-exposed, but stool-negative persons, was 78%. The same calculation on 228 healthy stool-negative individuals showed a specificity of 89%. The sensitivity of the assay was estimated to be 68% as judged by detection of Giardiu-specific IgG or IgA antibodies, or both, in patients demonstrably infected with Giardia by microscopic examination of faeces.
Discussion
The persons exposed to Giardia in this study were mainly adults. Only 34 persons were younger than 15 years. As controls, serum samples were collected from healthy individuals. The Occurrence of specific Giardia IgG and IgA antibody responses of 352 persons exposed to contaminated drinking water was studied by IFL. Specific IgA or IgG antibodies, or both, were detected in 68% of all Giardia-positive patients tested. This figure is low compared to earlier studies showing a sensitivity of over 800/,'49 ' 5 3 19, 22 and similar to the results of some other studies.'*' 23-24 Methods used were IFL14*157'9*22~23 and ELISA.'s9'8*24 In most earlier reports, the patients presented with clinical giardiasis. The purpose of this study was to evaluate serological diagnosis during an outbreak of giardiasis including both symptomatic (presenting with diarrhoea) and asymptomatic infections.
In 32% of proven Giardiu-positive patients neither specific IgA nor IgG antibodies could be detected and, generally, the antibody titres were low. There may be several reasons for a poor or non-detectable antibody response, including low infection dose, rapid recovery without treatment, early treatment, and a short timeinterval between infection and blood sampling. Nearly 50% of the sera were obtained within 3 weeks after infection and most of them within 2 weeks. Our data suggest that antibodies are more often and more readily detected in sera drawn more than 3 weeks after infection (49% us 66% IgG positive). In experimental human infections with G. lamblia (including 10 volunteers), Nash et aZ.24 found that 50% were IgGpositive at 3 weeks and 70% at more than 3 weeks, figures in agreement with our findings during natural infection.
Birkhead et aL2' suggested that "Levels of serum antibody to G. ZumbZia, particularly IgA, may be useful in determining exposure to G. lamblia-contaminated water and illness from G. Zamblia during waterborne outbreaks of diarrhoea1 illness." However, our study shows that in a natural infection of a naive population, specific IgA antibodies measured by IFL could be demonstrated in only 28% of Giardia stool-positive patients and 4% of Giardia stool-negative patients. Low incidences of specific IgA response-48%,' 36% and 29%26-have also been reported in clinical giardiasis when ELISA methods have been used. Specific IgA for serodiagnosis seems to be too insensitive to complement or replace diagnosis by microscopy, although 82% of the IgA-and Giardia (microscopy)-positive patients had diarrhoea.
The specificity of serodiagnosis was-only 78% in comparison with faecal microscopy and 22% of 207 Giardia-negative patients had IgG or IgA antibodies, or both. False-positive antibody results due to crossreactivity with other intestinal parasites or pathogens are not likely, as very few other pathogens were isolated from patients involved in the Salen outbreak. It seemed to be an outbreak caused by one pathogen, G. Zamblia (De Jong et al., personal communication). False-negative results following microscopic examination of faeces are, however, possible and, in this context, it is important to note that 158 exposed persons were considered to be Giardia-negative on the basis of a single faecal examination. Farthing et d i 3
reported that even after three faecal specimens had been examined from patients with proven giardiasis, up to 15% of these individuals had a negative stool examination. The diagnosis may be missed on account of intermittent excretion of Giardia cysts. In liquid stools only trophozoites may be excreted. These parasitic forms are very fragile and soon disintegrate and can escape detection unless stool samples are analysed immediately after collection.
In the three seropositive but microscopy-negative patients identified, a Giardia infection could have been eradicated by treatment given before stool samples were collected. Additional patients may have cleared their infection spontaneously. The statistically significant higher number of seropositive patients among individuals exposed to Giardia, but negative as judged by stool examination, than among healthy individuals (p < 0.00 1) also indicates some false-negative diagnoses by faecal examination.
The specificity of the IFL calculated on the healthy, microscopy-negative individuals was 89% and also suggests that some false-negative results were obtained by microscopy or that antibodies remained after a cleared infection.
When giardiasis is suspected, repeated microscopic examination of faeces remains the method of choice for diagnosis. In a population of low endemicity for Giardia and where antibodies are seldom found in healthy persons, a positive antibody test indicates contact with the parasite and motivates treatment in symptomatic persons even when faecal microscopy is negative. Serological diagnosis is most reliable when samples are analysed more than 3 weeks after infection. However, even in this situation, about onethird of infected patients have no detectable antibodies. The combination of repeated stool examination and serological assays may yield the highest sensitivity of diagnosis of giardiasis in populations of low endemicity.
